Managing multiple ecosystem services is a complex task that involves special interactions among different resources, services, and stakeholders. Mexican forests have been traditionally managed for the single purpose of obtaining wood, benefiting a small sector of society. In this study, we evaluated the interactions among various ecosystem services, namely carbon content, tree diversity, surface water runoff, and the net present value of timber production. We also attempted to determine the most suitable basal area level that best satisfies the management of these services combined. Bivariate correlations, non-linear regression models, and a multiobjective decision-making technique are used to analyze the data in the study. Results indicate that trade-offs exist between surface water runoff and tree basal area. A synergistic relationship, between net present value and carbon content with basal area, was also observed. Tree diversity has a synergistic relationship with basal area in open forests, but a trade-off relationship in denser forests. The most preferred forest management level that satisfies the desired ecosystem services is between 17 and 21 m 2 /ha of residual basal area. We hope that adopting this multiobjective study can cement collaborative strategies among Mexican resource managers, landowners, environmental groups, and others interested in forest management.
Introduction
Ecosystem services are a set of benefits that nature provides for society, either at a specific or general level, and directly dependent on the healthy functioning of ecosystems [1, 2] . Ecosystems like forests, grasslands, croplands, coastal zones, and urban areas offer different services to society. These include provisioning, regulating, and cultural services that directly affect people [1] . In addition to direct and indirect uses, forests provide a variety of benefits that are classified as passive and by merely existing become valuable to society [3] . However, Mexican decision-makers are not focusing on many of these benefits because they do not generate direct or immediate profits [4, 5] . The traditional approach to forest management, based primarily on timber production, does not consider the inclusion of regulating and cultural services, as well as their interactions. This single-objective management eventually leads to the degradation of some forest services, such as water flow regulation, soil erosion control, and biodiversity protection, among others [6] [7] [8] .
The complex interactions between ecosystem services can be classified into three categories: trade-off, synergy, and no-effect [9, 10] . Trade-offs occur when the provision of an ecosystem service increases at the expense of a simultaneous decline of another service at the same location [10] . Trade-offs exist not only between different ecosystem services, but also within the same service at different times [11] . The term synergy refers to a situation when two services can affect each other positively in the same direction resulting in a win-win relationship [12] . For example, an increase in biomass usually results in an increase of carbon content. The no-effect relationship occurs when there is no interaction between services [9] . Although it has been suggested that the compensation relationship is evidence of inefficient and sub-optimal solutions [13] , this type of relationship in forest ecosystems is frequent and (to a certain extent) an explicit choice [14] .
Historically, the management of forest resources in Mexico has been oriented towards the production of timber or fiber without considering its effects in other resources. This type of management tends to benefit only a small portion of society. However, forests have the capacity to produce more than one benefit at the same time, which can be useful to a broader part of society. With proper management, forests can generate the required biomass to increase CO 2 absorption, improve habitats for flora and fauna, prevent water quality degradation, reduce forest fires, and decrease levels of soil erosion, among others. This type of management can be handled through multiobjective or multicriteria decision-making techniques, which also consider the opinions of stakeholders such as forest managers, government agencies, society, non-government organizations (NGOs), as well as those in the forest industry [5, 15] .
Compromise programming is among the various multiobjective decision-making techniques found in literature [16, 17] . It poses that the most preferred solution for a problem that simultaneously involves two or more objectives is the one closer to an ideal point. Such a solution is referred to as a non-dominated or Pareto efficient solution [16, 18] . In this method, there is no single solution that simultaneously optimizes each objective. As a result, several solutions can be undertaken at the same time. A non-dominated or Pareto solution entails that no other allocation of resources could make at least one objective better off without making any other(s) worse off [19] .
Based on this background, the objectives were as follows: (i) evaluate the interactions among four ecosystem services, including carbon content, tree diversity, surface water runoff, and net economic present value of timber production; and (ii) to solve a multiobjective forest management problem consisting of these ecosystem services as well as the stakeholders' opinions. In the first objective, bivariate correlations and regression models were adjusted to explain the influence of basal area (and other dasometric variables) on a specific service (e.g., carbon content). In the second objective, the compromise programming technique was used to determine the forest management level that best satisfies the four objectives simultaneously. The study first describes the area of work, followed by details regarding the planning tool used (including the theory of ideal point). The results, discussion, and conclusions are then presented, emphasizing their implications for forest management.
The Multi-Functionality of Forest Ecosystems
Forests provide a wide diversity of ecosystem services [20] [21] [22] . Wood, fibers, clean water, food, carbon sequestration, soil fertility, and recreation are some of the many services provided by nature to society [1] . Many of these ecosystem services are not independent of each other [14] . For example, cutting off a single tree for timber has various consequences on soil retention, water infiltration, and plant diversity, among others. Due to this kind of public benefits, society plays a very important role in the way services are administered. Hence, ignoring these complex benefits and their socio-ecological interactions often results in inappropriate management practices [23] .
Trade-offs, the most degradative form of ecosystem services interactions, have existed for years and occur in almost all types of ecosystems [14, 24, 25] . In the past century, an increase in provisioning services has been achieved at the expense of decreases in regulating and cultural services [1] . Trade-offs have also been the reality in the early stages of Mexican forestry [4] . Timber harvesting, which was based on intensive removal of the best trees, exerted excessive pressure on forest resources. Eventually, such single resource oriented management resulted in many undesired, often overexploited, forest structures and species compositions [4] .
Sometimes, trade-offs are a result of explicit choices, where the loss of one benefit is balanced by the gain of another. However, in many other cases, they may happen without planning or even awareness of their occurrence [14] . Society does not have any problem with trade-offs resulting from planned actions. However, a large number of trade-off cases fall into the second category [26] . In fact, the occurrence of unintentional trade-offs has been one of the main reasons for which the Millennium Ecosystem Assessment (MEA) group has supported the application of economic valuation studies to determine the value of ecosystem services losses [14, 26] .
Due to the diverse interactions (trade-offs, synergies) and stakeholders' preferences in ecosystem services management, it would be impossible to simultaneously maximize them all in forest planning [27] [28] [29] . Thus, a type of compromise-based management is essential, particularly one where all interactions are addressed and objectives are weighted based on the stakeholders' preferences [28] . In this case, compromise implies an "effort to approach or emulate the ideal solution as closely as possible" [16] .
Recognizing the multi-functionality of forest ecosystems is the departure point of this work. We evaluated the type of relationship between various ecosystem services in an attempt to solve a forest management problem while considering the stakeholders' opinions. We expect that this study's results can raise the level of awareness among Mexican forest managers and policy-makers on the complex interactions related to ecosystem services. We also hope that this information can be considered in future forest management planning and decision-making.
Material and Methods
The study area is located in the Sierra Madre Occidental in the northwestern part of Mexico. This neo-volcanic mountain range extends along 1200 km, from the western side of central Mexico to the border with the United States of America. It hosts one of the highest rates of plant diversity in the country, including pines, oaks, and other broadleaved trees [30] . The private property of Molinillos, the specific research site, has an area of 2800 ha. About 75% of this property is under timber production while the rest is dedicated to agricultural and livestock uses (Figure 1 ). The species composition is 57% pine, 39% oak, 3% other coniferous, and 1% other broadleaved trees. Some of the most important species are Pinus cooperi, P. durangensis, P. engelmannii, P. leiophylla, P. lumholtzii, P. teocote, Quercus rugosa, Quercus durifolia, Juniperus deppeana, and Arbutus sp. [31] . The climate is humid and semi-cold, with a temperature varying between −3 • C and 18 • C, and a mean annual temperature of 10 • C. Most of the precipitation comes during the months of July through September and amounts to an annual average of 800 mm. Winter rains make up between 5% to 10% of the annual precipitation. This research was conducted on this private property due to the owners' interest in participating in research projects in order to have more foundations for the better management of their forest resources. The property has a permanent surveillance system, which also simplifies the monitoring of the equipment and the collection of information. 
The Theory of Ideal Point and the Compromise Programming Approach
Consider the case of two management objectives represented graphically by the vector (x, y). The ideal point represents the best performance that both objectives can separately achieve, that is, the maximum value each one can attain. However, due to many restrictive factors, such as capital, land, labor, climate, etc., it is generally impossible to achieve [16] . Usually, one objective tends to yield to the other without causing dominated solutions. Variations in the level of importance (λ) between 0% and 100% of these objectives produce a set of compromising solutions, also known as the 'efficient frontier' or the 'Pareto frontier' [17, 32] . The goal is to determine a point, along the efficient frontier, that turns out to be the most satisfactory solution for both objectives without having a negative outcome on either one. As shown in Figure 2 , this point is the closest to the ideal point [33] . Opposite of the ideal point is the anti-ideal point, which stands for the worst possible performance of the objective. Here, any set of non-dominated solutions must be as far away from it as possible [16] . There are several ways to find a solution when two or more management objectives are involved [22] , even if those are in a synergistic relationship. For instance, linear programming, and its variations integer, mixed integer, and goal programming, are based on an objective function (or various objective functions) and a series of restrictions to find an optimal solution. According to Yu [17] and Zeleny [16] , the pioneers of the compromise programming technique, its purpose is not to find an optimal solution, but to be close to it. The reason for this is that the criteria or management objectives are usually perceived differently by different stakeholders. The objectives may be in conflict (i.e., trade-off) and it is difficult to guarantee a perfect compliance with the restrictions [29, 34] . Unlike goal programming, the methodology based on the ideal point seeks to find a set of solutions, which are not necessarily restricted by parameters imposed by the researcher, but are the most suitable for the problem [33] . In distance-based methods, the idea of maximizing a utility function, as in classic optimization methods, is replaced by the minimization of the distance between an alternative and a target point enjoying better preferential characteristics [35] . Regardless of the methods used, it should be noted that these are only supporting tools, and their function is not to replace the role of researchers in any decision-making process [34] .
In multicriteria problems that involve three or more objectives, the graphic representation of the efficient frontier or non-dominated solutions becomes more complicated to visualize. In any case, the purposes of the graphical as well as any corresponding numerical approach is to find a point of minimized distance between a set of non-dominated solutions (taken from the interaction of several objectives) and the ideal point. Compromise programming is a technique for estimating the minimum distance between the efficient frontier and the ideal point based on the level of importance assigned to each objective by all interested parties concerned. The measure of closeness is defined by a family of distance metrics d p in which any point in the objective space is a compromise solution if it satisfies the minimum distance as follows [16] :
where p is a distance parameter, f * i is the best or maximum value found for the objective i, f i is the estimated value of objective i, and I is the number of objectives considered. The parameter λ p i is the importance level of objective i.
Note that the expression f * i − f i in Equation (1) stands for various objectives with different units of measurement. For example, carbon content is expressed in ton/ha, water yield in L/ha, and tree diversity uses an ordinal index that does not have a unit of measurement. In order to adjust these values and eliminate the so-called incommensurability effect, the following equation was used to normalize units [29] :
where f * * i represents the anti-ideal or worst value of objective i. In this case, Equation (1) was reduced to:
The (ϕ) coefficient is dimensionless and has values between 0 and 1. With this expression, a graphic visualization of all the objectives versus basal area or other independent variable is made. The p value represents the level of importance given to the individual deviations between the ideal point and the efficient frontier. The distance for any value of p (where 1 ≤ p < ∞) is used here as a measure to express individual preferences and not to indicate a pure geometric distance. The distance, in this case, represents risk in decision-making, comparisons, similarities, or proximity of individual coordinates [36, 37] . However, the values most commonly used in compromise programming are p = 1, p = 2, and p = ∞ [38] . For p = 1, all deviations from the maximum value, f * i , to the observed value of objective i are given equal importance, which in a sense indicates that decision makers have low risk aversion. For p = 2, the largest deviations are expected to exert the most influence, and as the value of p increases beyond 2, there is increasingly more weight given to the largest deviation [37] . The largest geometric distance corresponds to p = 1. This is commonly known as the Manhattan distance where d p turns out to be:
The geometrically minimum distance between two points is a straight line; this is achieved when p = 2 and the objective function becomes:
As p approaches ∞, Equation (1) becomes a mini-max problem (minimizing the maximum distance between the efficient frontier and the ideal point), and the solution is determined as follows:
In this technique, the sensitivity analysis is based on evaluating the deviation from the ideal point for different values of p and (λ) [36, 38] .
Evaluation of the Management Objectives
Through 16 experimental plots, established during the period 2015-2017, the effects of several silvicultural treatments on four ecosystem services were evaluated: tree diversity, surface runoff, carbon content, and net present value of timber production. The sizes of the circular-shaped plots are 0.1 ha for trees larger than 7.5 cm in diameter and a sub-plot of 500 m 2 for regeneration. The silvicultural treatments included thinnings (with different residual basal areas), clear-cut, and a control group. The treatments were applied following the management plan of the property, and the residual condition was evaluated after that. In the control group, no treatments were applied.
In each plot, tree diversity was estimated using the Shannon-Wiener Index, which considers the parameters of entropy and diversity in a number of existing species [39] . From among the main classes of plant diversity, which include tree, shrub, and herbaceous plants diversity, we decided to only use tree diversity. The reason for this was because it is directly and immediately modified by the application of silvicultural treatments and anthropogenic disturbances, such as legal and illegal logging, firewood harvesting, and housing construction, among others [40] . The Shannon-Wiener index (SWI) for tree diversity was determined using the following equation:
where S is the number of species and x s the proportion of individuals that belong to the sth species in the dataset of interest. Since the index is not itself a true diversity index, the following conversion factor was used to help in future comparisons and to facilitate the interpretation of results [41] :
where D stands for true diversity. Nonetheless, the model was adjusted in its entropy form. Surface runoff was measured in 8 × 2 m 2 plots, by collecting water flow in 200-liter recipients located in the lower part of the slope. Following Cerón-Bretón et al. [42] , soil samples were taken to estimate ground carbon content. Aboveground carbon content was estimated through biomass equations for the main species in the area [43, 44] . The estimated biomass was then converted into carbon content using carbon proportion data [44] . The total carbon content (ton/ha) was the sum of both aboveground and underground values. Finally, the net present value of residual standing trees refers to the difference in revenue between wood sales and production costs. The amount of wood sales was determined by multiplying the removed wood (after applying the silvicultural treatments) by the price at the main market point (Durango city). Production costs included wood extraction and its transportation, technical assistance, and site preparation. Cost information was provided by the owners of the property, updated to December 2017. A discount rate of 4.65% was used in calculations. A description of the data used and some statistics are shown in Table 1 . Each management objective required information on the level of the relative importance (λ), according to all sectors involved in forest management. Information was taken from 29 surveys conducted on landowners, NGOs, and forest technicians, all of whom rated the objectives on a scale of 1 to 10. Individual group average preferences show that of the four ecosystem services evaluated here, tree diversity and water resource have a slightly higher importance level than the net present value and carbon content ( Figure 3) . The average values of the importance level (λ) of all the sectors were used in Equations (4)-(6) to estimate the set of minimum distances from the efficient frontier to the ideal point. 
Response Functions
Data on the dasometric variables and management objectives were used to construct the response functions. These were created for the carbon content, surface runoff, net present value, and tree diversity. The relationship was constructed such that certain stand attributes, like basal area (BA) or crown coverage (CC), became the independent variables. These types of variables were selected because they can be manipulated by forest managers through silvicultural treatments. Other variables that were analyzed include standing volume (VOL), arithmetic mean diameter (MD), and average height (HGT). However, previous studies have shown a preference for residual BA as the variable that measures a forest's density level and helps in setting a silvicultural treatment target [38] . As shown in the following equation, each one of the four ecosystem functions (ES) is a function of the different variables described above and the error factor, ε.
where ε is the error.
Sensitivity Analysis
A sensitivity analysis was performed to test the resiliency of the solutions in respect to changes in both p and the relative weight of the objectives (λ). Since the process included the examination of various combinations of basal area, p, and λ values, the Excel Solver ® tool (Microsoft Corporation, Redmond, WA, USA) was used to evaluate the sensitivity of the solution. The first sensitivity analysis approach involved testing the resiliency of the compromise programming algorithm with changes in the p values of 1, 2, and ∞. The second sensitivity analysis approach tested the stability of the solution with changes in the values of the preference structures assigned to each objective by the participating groups. Simulations were made with arbitrary variations. In one case, weights were assigned so that one objective dominated over the others, while in another case, an equal weight was assigned to each objective. Then, the simulated results were statistically tested to see if there were any significant differences among the results.
Results
Different linear and non-linear models were used to find the one with the best fit. They were tested to see which one of them best explained the relationship between an ecosystem service and the dasometric variables used, namely basal area, crown coverage, and volume. Previously, an exploration about the assumptions of linear models was made through normality and residual distribution tests. It was found that all the variables involved were acceptable for this type of analysis. In regard to the four management objectives, a collinearity diagnosis detected a high correlation among the independent variables of basal area, crown coverage, and volume (variance inflation factor > 7.6). Given that the basal area has demonstrated adequate applicability in similar studies [38, 45] , it was decided to use only this variable.
The usual regression parameters (r 2 , F value, standard error) were used to evaluate the performance of the models and their coefficients. Since the Shannon-Wiener Index typically varies between 1.5 and 3.5 in natural ecosystems-and rarely exceeds the value of 5 [46] -a censored Tobit model was also used to regress tree diversity on basal area. These models, which represent f i in Equations (1) and (2), and their adjusted parameters, are shown in Table 2 . All the models had a good fit. For tree diversity, the Tobit model offered better results than the non-linear regression with the least squares method. The Tobit model was significant (prob > χ 2 , 0.001) with a log-likelihood value equal to −12.16. Once the models were adjusted, a graph was constructed with the predicted values to demonstrate the trends of the four management objectives versus basal area (Figure 4) . Following Lee and Lautenbach [9] , we used the sign of the Pearson correlation coefficient (r) between ecosystem services to determine their type of relationships with basal area, which, as said before, can show synergy, trade-off, or no effect relationships. If the coefficient had significant values between −0.25 and 0.25, then it was indicative of a no-effect relationship. However, if the coefficient was significantly greater than 0.25, the relationship was identified according to the direction (+ for synergy or − for trade-off). Pearson correlations suggest a trade-off relationship between surface runoff and basal area (r = −0.95, sig. < 0.001) and a synergistic relationship between net present value and carbon content with basal area (r = 0.98, sig. < 0.001; r = 0.97, sig. < 0.001, respectively). Tree diversity has an apparent synergistic relationship in open forests, but a trade-off relationship in denser forests. In fact, there is a no-effect relationship in intermediate basal areas (15-20 m 2 /ha). Once the type of relationship was examined, the next step was to find a BA value (expressed in m 2 /ha of the residual tree basal area) that simultaneously satisfies the management of the objectives being considered. Table 2 .
Multiobjective Decision-Making Analysis
Compromise programming results indicate that the residual basal area slightly varies with the p values used. When p = 1, the most preferred solution tree basal area level is 17 m 2 /ha. For p = 2 and infinity, on the other hand, the most preferred basal area is 21 m 2 /ha ( Figure 5 ). According to the curves of p values ( Figure 5) , it is evident that forests with low densities are not the preferred management levels for the four ecosystem services. Neither are denser forests because they would have limiting effects on the provision of other services, such as income maximization expressed in net present value. The most suitable basal area for the management of these ecosystem services (considering their relative importance and the opinion of stakeholders) is between 17 and 21 m 2 /ha. In this range, the original values of the objectives were 127-152 tons/ha for carbon; 1.7-1.6 for tree diversity (or 5.5-5.3 species); 2137-1667 L/ha for surface runoff; and MEX $41,962-47,123/ha for net present value.
Sensitivity Analysis
A sensitivity analysis helped us to evaluate the consistency of the solutions regarding potential changes in the parameters of the algorithm. This analysis was performed using the Excel Solver ® tool, based on changes in p and the level of importance of the objectives (λ). As mentioned, in the case of the p value, the values were 1, 2, and infinity. Some authors have suggested that the value of p = 2 represents an average state in the deviations between the ideal point and the efficient frontier [29, 37] . As a result, some recommend the use of this value in the solution approach [34, 38, 45] . Results indicate that the solution shows a similar tree basal area for p values of 1 and 2 (21 m 2 /ha), so the solution is not highly-sensitive to changes in the p value ( Figure 5 ). However, the algorithm does show some sensitivity when the solution changes to 17 m 2 /ha for p = ∞. Considering the variation in risk aversion among decision-makers and the low difference in the result, we believe that a residual basal area between 17 to 21 m 2 /ha is the most suitable for the management of these objectives.
Another sensitivity analysis was made to determine the impact of varying the levels of importance (λ) given to the objectives on the final solution. The above results were based on the levels of importance each decision-maker originally gave to the objectives (Figure 3 ). However, after changing the weights of the objectives, it appears that the solution is sensitive to varying λ values. The basal area increases to 28.3 m 2 /ha when the majority of the relative weight is assigned to the carbon content and decreases to 8.83 m 2 /ha when most of the weight is assigned to the net present value (NPV) ( Table 3) . Table 3 indicates that the solutions are highly sensitive to changes in the relative importance given to the objectives, mainly in carbon content (CO 2 ) and net present value (NPV). Therefore, it is recommendable that similar weights like those in the original assignment be used to arrive at the most preferred forest treatment level. It is also recommendable to take some caution when reassessing the importance of the management objectives. Note: TD stands for tree diversity, CO 2 carbon content, SWR Surface water runoff, and NPV net present value.
Discussion
According to the MEA classification of ecosystem services [1], the four objectives in this study are classified as provisioning services (net present value, which results from timber production) and regulating services (surface run-off, carbon sequestration, and plant diversity). As stated before, the relationship between ecosystem services can be of synergy, trade-off, or no-effect type. In a meta-analysis study, Lee and Lautenbach [9] found that a synergistic relationship was dominant within regulating services, while a trade-off relationship exists between regulating and provisioning services. Our findings did not necessarily follow their conclusion. Within the regulating services group, there is a trade-off relationship (between carbon content and surface run-off) and a no-effect relationship (tree diversity and surface run-off). The link between regulating and provisioning services resulted in both synergy (carbon content vs. net present value) and trade-off (net present value vs. surface run-off).
Jackson et al. [47] reported substantial losses in stream flow (regulating service) with an increase in biomass (provisioning service), meaning a trade-off relationship. Note that more biomass leads to more amounts of CO 2 sequestration, which also implies the existence of a trade-off relationship between carbon content and stream flow. Galicia and Zarco-Arista [48] showed various trade-off relationships between provisioning (timber production) and regulating services, namely water purification, soil retention, and landslide regulation. Differences among findings can be due to the type of management, the scale, and the sociological system found in the area [14, 49] . A key implication of knowing the type of relationships between ecosystem services is to understand the complex processes that occur in nature and how humans intervene. Reducing undesired, and often unintentional, trade-offs while enhancing synergies among services is a shared goal that must be practiced [9, 14, 23] .
In addition, knowing the type of relationship between ecosystem services can help researchers understand the multi-functionality of forest ecosystems [48] . Management plans that attempt to maximize the production of one ecosystem service (i.e., timber) often result in substantial declines in the provision of other ecosystem services (i.e., water infiltration) [49] . Thus, the dominance of the traditional, single-objective forms of management that have characterized the forest management in many areas of the country [5] are no longer recommendable. Multiobjective decision-making is one tool that can deal with the multi-functionality of forests through the identification of the objectives and the perceptions of stakeholders [22] .
However, the transition to multiobjective forest management is far from being an easy move. The findings of the study indicate that the preferred basal area (BA) that can sustain the four management objectives ranges from 17 to 21 m 2 /ha. The current average BA found in the study area is 14.8 m 2 /ha (median equal to 12.8 m 2 /ha). Landowners would benefit from forest sites above the recommended BA. However, most areas (58%) have a density level lower than the inferior limit, which means that they will remain unharvested until they exceed it. Our estimations indicate that this multiobjective management scheme represents up to 16% in economic losses due to timber reduction. Other studies have found more severe harm to forest conditions from such management. Keleş and Baskent showed that the total net present value of profits from timber and water production would be reduced by up to 25% when timber is incorporated into a multiobjective planning model [50] . However, the authors suggested that the social benefits of having a multiobjective management scheme should compensate the losses suffered by providing multiple ecosystem services to more sectors of society.
The results also indicated sensitivity to changes in the relative importance of management objectives. This actually represents a great opportunity for forest managers and landowners. Considering that each stand may have different management priorities (i.e., for timber, water flow, carbon sequestration, biodiversity uses, etc.), compromise programming is the most appropriate technique to provide the best solutions by incorporating stakeholders' preferences and stand attributes. Eventually, forest managers can prescribe the best silvicultural treatment level that best satisfies the management of the main services combined.
As we described the strengths of this study, it is important to mention a couple of concerns in the development of this research. First, the response functions need to be enriched with more data to allow more variations in topographic conditions, forest management regimes, climate, etc. The basis of our response functions relied on a few permanent plots that need to be multiplied. Continuing the establishment of permanent plots to assess the relationship between the ecosystem services and dasometric variables (such as basal area, crown coverage, volume, etc.) would be helpful. Second, since stakeholders' preferences change with time, it is recommended to update them in the same way as with the dasometric information.
Conclusions
This study analyzed the interactions among four ecosystem services in northern Mexico. Pearson correlations and regression models were used to evaluate the interactions among tree diversity, carbon content, water surface runoff, and net present value as well as their relationships with basal area. The distance-based compromise programming technique, which has been successfully used to solve similar multiobjective forest resources management problems elsewhere, was successfully employed to determine a set of compromise solutions.
Results indicate that a trade-off relationship exists between surface runoff and basal area and a synergistic relationship between both net present value and carbon content with changes in basal area. Tree diversity has a synergistic relationship in open forests, but a trade-off relationship in denser forests. Knowledge of the type of relationships between ecosystem services helps with understanding the complex processes that occur in nature. Some trade-offs (i.e., surface runoff and basal area) could be reduced if more knowledge is available. For example, compromise programming can help with identifying the areas in which surface runoff is becoming critical due to lower forest density. Then, soil retention practices such as wood, rock, or silt-made fences can be recommended to reduce runoff.
Compromise programming results indicate that the best suitable residual basal area to sustain the combined management of these objectives varies between 17 and 21 m 2 /ha. The compromise programming technique is a tool that can help with determining the most preferred density level that satisfies the management of various objectives simultaneously while considering the stakeholders' preferences. Moreover, it adapts to the management priorities of each forest stand.
We hope that demonstrating the application of this type of multiobjective analysis can cement transdisciplinary research strategies among Mexican resource managers, landowners, environmental groups, and other interested parties. Examples of such strategies would be the establishment of a network of permanent plots for the purpose of evaluating ecosystem services interactions, the co-funding of a monitoring system, and in general, the adoption of management schemes that integrate the complex multi-functionality of forest ecosystems. Given this complexity and the role of resource managers, it is important to revisit the dominance of the traditional, single-objective forest management approach.
